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GRPLQDQWPRGHRIIDLOXUHVHH7DEOH*URXSV$&'()*7KHWZROD\HUHGDQG
FRUGVFP65*MDFNHWVIDLOHGGXHWRWKHUXSWXUHRIIDEULFIRUDQRYHUODSOHQJWKRIFPVHH
7DEOH*URXSV(*)RUWKHVDPHRYHUODSOHQJWKKRZHYHUWKHWZROD\HUHGFRUGVFP
GHQVLW\65*MDFNHWVH[KLELWHGDPL[HGPRGHRIIDLOXUHVHH7DEOH*URXSV)*,WVKRXOG
EHQRWHGWKDWWKHFRUGVFPGHQVLW\65*MDFNHWVIDLOHGGXHWRGHERQGLQJ7KHPDLQUHDVRQ
IRUWKDWZDVWKHGLIILFXOW\RIWKHFHPHQWLWLRXVPDWHULDOWRSHQHWUDWHWKHYHU\GHQVHIDEULFJDS
EHWZHHQFRUGVZDVRQO\PP+HQFHWKHDSSOLFDWLRQRIIDEULFVZLWKDYHU\KLJKGHQVLW\
VHHPVWREHLPSUDFWLFDOIRU65*MDFNHWV
&RQILQHPHQWUDWLR
7KHPHFKDQLFDOHIIHFWVRI6WHHO5HLQIRUFHG*URXW65*MDFNHWLQJRQFRQFUHWHDUHLQJHQHUDO
VLPLODU WRWKRVHUHVXOWLQJIURPRWKHUSDVVLYHFRQILQHPHQWV\VWHPVVXFKDVVWLUUXSVRU)LEHU
5HLQIRUFHG3RO\PHU)53MDFNHWV7KH65*MDFNHWLVPRELOL]HGLQWHQVLRQDVDUHVXOWRIWKH
ODWHUDO H[SDQVLRQ RI FRQFUHWH XQGHU VLJQLILFDQW D[LDO FRPSUHVVLYH VWUHVV 7KH XQLIRUPO\
GLVWULEXWHG ODWHUDO FRQILQLQJ SUHVVXUH SURYLGHG E\ WKH 65* MDFNHW ıODW DURXQG WKH
FLUFXPIHUHQFHLVEDODQFHGE\DXQLIRUPUDGLDOSUHVVXUHZKLFKUHDFWVDJDLQVWWKHFRQFUHWHODWHUDO
H[SDQVLRQ5HVWUDLQLQJFRQFUHWHGLODWLRQUHVXOWVLQGHIRUPDWLRQFDSDFLW\HQKDQFHPHQWRIWKH
FRQILQHG FRQFUHWH 8VLQJ WKH GHIRUPDWLRQ FRPSDWLELOLW\ EHWZHHQ WKH 65* MDFNHW DQG WKH
FRQFUHWH VXUIDFH WKH ODWHUDO FRQILQLQJ SUHVVXUH ıODW FDQ EH H[SUHVVHG DV D IXQFWLRQ RI WKH
WUDQVYHUVHHIIHFWLYHVWUDLQİVHIIFRUUHVSRQGLQJWRHLWKHUWKHWUDQVYHUVHVWUDLQUHDFKHGDWUXSWXUH
RIWKHVWHHOUHLQIRUFHGIDEULFİVUXSWRUWKHWUDQVYHUVHVWUDLQDWGHERQGLQJIDLOXUHRIWKHMDFNHW
OD\HUİVGHERYHUWKHODSOHQJWK/E>@7KHGHERQGLQJVWUDLQİVGHELVDOVRLQIOXHQFHGE\ERWK
WKHFKDUDFWHULVWLFVRIWKHPRUWDULQWHUIDFLDOERQGVWUHVVDQGWKHWKLFNQHVVRIWKHIDEULF>@,W
VKRXOGEHQRWHGWKDWWKHPRUWDULVWKHZHDNHVWOLQNLQWKHFRPSRVLWHV\VWHPZKLFKFDQOHDGWR
DEULWWOHPRGHRIIDLOXUHZKHQWKHXOWLPDWHVKHDUVWUHQJWKERQGVWUHVVIPELVUHDFKHG>@
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
7KHUHIRUH WKH65*FRQILQHPHQW LVFRQVLGHUHGVXFFHVVIXOZKHQUXSWXUHRI WKHIDEULFRFFXUV
EHIRUHPRUWDUUHDFKHVLWVXOWLPDWHVKHDUVWUHQJWK
,QWKLVVWXG\XVLQJWKHGHYHORSHGH[SHULPHQWDOGDWDEDQNWKHFRQILQHPHQWUDWLRıODWIFRZDV
HVWLPDWHGIRUWKRVHVSHFLPHQVWKDWIDLOHGGXHWRUXSWXUHRIWKHIDEULFVHH7DEOH
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,QWKHDERYHHTXDWLRQȡ65* āWHT'LVWKHYROXPHWULFUDWLRRIWKH65*MDFNHWZKLOHWHTLVWKH
HTXLYDOHQWWKLFNQHVVRIWKHVWHHOIDEULFDQG'UHSUHVHQWVWKHGLDPHWHURIWKHF\OLQGULFDOFROXPQ
(ILVWKHPRGXOXVRIHODVWLFLW\RIWKHWH[WLOHIFRLVWKHFRPSUHVVLYHVWUHQJWKRIWKHXQFRQILQHG
FRQFUHWHDQG 65*U  LVWKHGLPHQVLRQOHVVPHFKDQLFDOUHLQIRUFHPHQWUDWLR)LQDOO\İVUXSW LVWKH
KRRSUXSWXUHVWUDLQRIWKH65*MDFNHWZKLFKLVGLUHFWO\UHODWHGWRWKHFRQILQHPHQWUDWLRVHH
(T,WVKRXOGEHPHQWLRQHGWKDWWKHHTXLYDOHQWWKLFNQHVVSHUXQLWZLGWKIRUDVLQJOHOD\HURI
VWHHOIDEULFXVHGLQWKHFXUUHQWGDWDEDVHWHTZDVDQGPPIRU
DQGFRUGVFPUHVSHFWLYHO\7KHPRGXOXVRIHODVWLFLW\(IZDVDOVR
*3DIRU;;;WH[WLOHVUHVSHFWLYHO\
7KHUDWLRRIWKHKRRSVWUDLQDWZKLFKUXSWXUHRIWKHIDEULFRFFXUVİVUXSWRYHUWKHXOWLPDWH
VWUDLQFDSDFLW\RIWKHVWHHOIDEULFİIXVUHSUHVHQWVWKHVWUDLQHIILFLHQF\IDFWRUNİ İVUXSWİIXV7KH
VWUDLQ HIILFLHQF\ IDFWRU LV D NH\ SDUDPHWHU IRU DVVHVVLQJ WKH FRQILQHPHQW HIIHFWLYHQHVV RI
FRPSRVLWHV\VWHPV/DPDQG7HQJ>@UHSRUWHGDVWUDLQHIILFLHQF\IDFWRUNİ IRU)LEHU
5HLQIRUFHG 3RO\PHU )53 FRQILQHPHQW 5HFHQW FRPSUHKHQVLYH VWXGLHV RQ )53 FRQFUHWH
FRQILQHPHQWKDYHGHPRQVWUDWHG WKH LQIOXHQFHRIFRQFUHWHVWUHQJWKDQG)53PDWHULDORQ WKH
KRRS UXSWXUH VWUDLQ > @ $IWHU WKH VWDWLVWLFDO SURFHVVLQJ RI D ODUJH GDWDEDVH E\
2]EDNNDORJOXDQG/LP>@DQH[SUHVVLRQKDVEHHQGHULYHGZKHUHWKHVWUDLQHIILFLHQF\IDFWRU
NİLVUHODWHGWRWKHXQFRQILQHGFRQFUHWHFRPSUHVVLYHVWUHQJWKDQGWKHHODVWLFPRGXOXVRIILEHU
PDWHULDO ,Q DQRWKHU UHOHYDQW VWXG\ 1DSROL DQG 5HDOIRQ]R >@ VWXGLHG H[SHULPHQWDOO\ WKH


EHKDYLRXU RI 6WHHO5HLQIRUFHG 3RO\PHU 653 FRQILQHG FRQFUHWH XVLQJ 8+766 IDEULFV
FRPELQHGZLWKRUJDQLFPDWUL[UHVLQ%DVHGRQWKHLUUHVXOWVWKHHIILFLHQF\IDFWRUNİHTXDOWR
ZDVVXJJHVWHGIRU653V\VWHPV7KLVLPSOLHVWKDWXVLQJVWHHOUHLQIRUFHGLQVWHDGRIILEHU
UHLQIRUFHGIDEULFVUHVXOWVLQDVOLJKWO\ORZHUVWUDLQHIILFLHQF\IDFWRU,WVKRXOGEHDOVRQRWHGWKDW
LQ JHQHUDO WKH VWUDLQ HIILFLHQF\ IDFWRU Nİ UHFHLYHV ORZHU YDOXHV LQ WKH )5&0 V\VWHPV DV
FRPSDUHG WR WKH)53V\VWHPVPDLQO\GXH WR WKHSUHVHQFHRI WKHFUDFNVGHYHORSPHQW LQ WKH
PRUWDUPDWUL[>@
,Q D PRUH UHFHQW VWXG\ 2PEUHV DQG 0D]]XFD >@ SXEOLVKHG DQ H[SHULPHQWDO GDWDEDVH
FRYHULQJDOODYDLODEOHVWXGLHVRQFRQFUHWHFRQILQHPHQWZLWKYDULRXV)5&0V\VWHPV,WLVQRWHG
WKDW VRPH RI WKH SUHVHQWHG H[SHULPHQWDO VWXGLHV SURYLGHG LQIRUPDWLRQ RQ WKH PHDVXUHG Nİ
YDOXHV8VLQJWKLVGDWDEDVHWKHDYHUDJHYDOXHRINİZDVHVWLPDWHGWREHIRUWKHVWXGLHV
ZKHUH FDUERQ JODVV 3%2 IDEULFV DV ZHOO DV K\EULG IDEULFV PDGH RI EDVDOW ILEHUV DONDOLQH
UHVLVWDQW$5JODVVILEHUVDQGSRO\YLQ\ODOFRKRO39$ILEHUVZHUHFRPELQHGZLWKLQRUJDQLF
PDWUL[
&RQVLGHULQJWKHOLPLWHGH[SHULPHQWDOGDWDFXUUHQWO\DYDLODEOHIRU65*MDFNHWLQJV\VWHPV
WKHHVWLPDWLRQRIWKHNİYDOXHIRUWKHVHV\VWHPVVKRXOGPDLQO\UHO\RQWKHSUHYLRXVVWXGLHVRQ
653FRQILQHGFRQFUHWHDVZHOODVFRQFUHWHFRQILQHGZLWKRWKHU)5&0V\VWHPV,QWKHDSSURDFK
IROORZHGKHUHLQWKHNİYDOXHIRUWKH65*MDFNHWLQJV\VWHPLVGHILQHGDVWKHDYHUDJHYDOXHRI
WKHNİYDOXHVFRUUHVSRQGLQJWRWKH653>@DQG)5&0>@MDFNHWLQJV\VWHPVZKLFKLVHTXDO
WR:KLOHPRUHDFFXUDWHYDOXHVFDQEHREWDLQHGEDVHGRQODWHUDOVWUDLQPHDVXUHPHQWVLQ
WKH DEVHQFH RI VXFK GDWD WKLV YDOXH VKRXOG SURYLGH D UHDVRQDEOH UHSUHVHQWDWLYH RI VWUDLQ
HIILFLHQF\IDFWRUNİIRU65*FRQILQHGFRQFUHWH
6WUHVVVWUDLQFXUYHV
7KH W\SLFDO D[LDO VWUHVVD[LDO VWUDLQ EHKDYLRXU RI 65* FRQILQHG F\OLQGHUV VXEMHFWHG WR
PRQRWRQLFFRPSUHVVLRQFDQEHFKDUDFWHUL]HGDVDWULOLQHDUFXUYH>@,QJHQHUDOWKHILUVWSDUW


RI WKH FXUYH FRPSULVHV DQ DVFHQGLQJ EUDQFK KDYLQJ WKH VDPH LQFOLQDWLRQ DV WKDW RI WKH
XQFRQILQHGFRQFUHWH7KHVHFRQGSDUWLVQHDUO\OLQHDUZLWKRUZLWKRXWLQFOLQDWLRQSRVLWLYHRU
QHJDWLYHZKHUHDVWKHWKLUGSDUWXVXDOO\FRUUHVSRQGVWRDGHVFHQGLQJEUDQFKZLWKDFRQVWDQW
VORSHGHQRWLQJIDLOXUHRIWKHMDFNHW
)LJVKRZVWKHUHSUHVHQWDWLYHVWUHVV±VWUDLQFXUYHVRIWKH65*FRQILQHGFRQFUHWHF\OLQGHUV
WKDWIDLOHGGXHWRUXSWXUHRIWKHIDEULFREWDLQHGIURPWKHGHYHORSHGH[SHULPHQWDOGDWDEDVHVHH
7DEOH7KHD[LDOVWUHVVIFDQGVWUDLQİFYDOXHVKDYHEHHQQRUPDOL]HGWRWKHFRPSUHVVLYH
VWUHQJWK IFR DQG WKH FRUUHVSRQGLQJ VWUDLQ İFR  RI WKH XQFRQILQHG FRQFUHWH
UHVSHFWLYHO\,WLVREVHUYHGWKDWWKHEHKDYLRXURI65*FRQILQHGF\OLQGHUVFKDQJHVIURPEULWWOH
)LJDWRVHPLGXFWLOH)LJEDQGGXFWLOH)LJFEDVHGRQWKHOHYHORIVWLIIQHVV
FRQILQHPHQW SURYLGHG E\ WKH 65* MDFNHW LH HTXLYDOHQW WKLFNQHVV RI WKH VWHHO IDEULF DQG
QXPEHURIOD\HUV7RFKDUDFWHULVHWKLVEHKDYLRXUWKHFRQILQHPHQWUDWLRDVGHILQHGLQ(T
FDQEHUHZULWWHQDVDIXQFWLRQRIWKHFRQILQHPHQWVWLIIQHVVUDWLRȡ.DQGWKHVWUDLQUDWLRȡİDV
LQWURGXFHGE\7HQJHWDO>@
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7KH FRQILQHPHQW VWLIIQHVV UDWLR ȡ. LV GLUHFWO\ UHODWHG WR WKH GLPHQVLRQOHVV PHFKDQLFDO
UHLQIRUFHPHQWUDWLR 65*U 7KHVWUDLQUDWLRȡHKDVEHHQHVWLPDWHGE\DVVXPLQJWKDWHVUXSW ǜ
İIXVDQGİFR 
7KHFRQILQHPHQWVWLIIQHVV UDWLRȡ.FDQEHXVHGDVDNH\SDUDPHWHU WR LGHQWLI\ WKH WKUHH
GLIIHUHQW W\SHV RI JHQHUDO VWUHVVVWUDLQ EHKDYLRXU FRUUHVSRQGLQJ WR EULWWOH VHPLGXFWLOH DQG
GXFWLOH65*FRQILQHGFRQFUHWHVSHFLPHQVDVVKRZQLQ)LJ7\SH,FXUYHVFRUUHVSRQGWRȡ.
YDOXHVORZHUWKDQ)LJD7KHUHVSRQVHLQWKLVFDVHFDQEHFKDUDFWHUL]HGDVEULWWOH
VLQFHDVVRRQDVWKHSHDNVWUHQJWKZDVUHDFKHGDQDEUXSWGURSLQWKHVWUHVV±VWUDLQFXUYHZDV
REVHUYHG)RUWKLVW\SHRIVSHFLPHQVFRPSUHVVLYHVWUHQJWKZDVLQFUHDVHGE\DQDYHUDJHYDOXH


RIZKLOHWKHDYHUDJHVWUDLQUDWLRİFFXİFRZDVHTXDOWR)RU7\SH,,FXUYHVȡ.UDQJHG
EHWZHHQDQG)LJE7KHUHVSRQVHFDQEHFKDUDFWHUL]HGDVVHPLGXFWLOHZLWK
OLPLWHGVWUDLQGXFWLOLW\)RUWKHVHVSHFLPHQVWKHDYHUDJHLQFUHDVHLQWKHFRPSUHVVLYHVWUHQJWK
ZDVEHWZHHQDQGZKHUHDVWKHDYHUDJHYDOXHVRIİFFXİFRZHUHEHWZHHQDQG
$VREVHUYHGLQ)LJEWKHFRPSUHVVLYHVWUHQJWKGLGQRWLQFUHDVHDIWHU\LHOGLQJ)LJE
)LQDOO\7\SH,,,FXUYHVFRUUHVSRQGWRȡ.UDQJLQJEHWZHHQDQG)LJF7KH
VWUHVVVWUDLQUHVSRQVHLQWKLVFDVHFDQEHFKDUDFWHUL]HGDVGXFWLOHZLWKDSRVW\LHOGKDUGHQLQJ
EUDQFK LQ PRVW FDVHV7KHRQO\H[FHSWLRQ LV VSHFLPHQ*F/'0ƐB ȡ. ZKLFK
SUHVHQWHGDSRVW\LHOGGHVFHQGLQJEUDQFK+RZHYHUWKLVVSHFLPHQUHDFKHGKLJKXOWLPDWHVWUDLQ
YDOXHV DQG WKHUHIRUH FDQ EH FRQVLGHUHG DV GXFWLOH )LJ F  7KH DYHUDJH LQFUHDVH LQ WKH
FRPSUHVVLYHVWUHQJWKUDQJHGEHWZHHQWRZKLOHWKHİFFXİFRUHFHLYHGYDOXHVEHWZHHQ
DQG7KH ORZHU OLPLWRIİFFXİFR FRUUHVSRQGV WRVSHFLPHQ*F/'0PB
ȡ. ZKLFKGHVSLWHWKHIDFWWKDWWKHVWUHQJWKLQFUHDVHGVLJQLILFDQWO\KLJKLQFOLQDWLRQ
LQ WKHSRVW\LHOGKDUGHQLQJEUDQFK WKHXOWLPDWHVWUDLQFDSDFLW\ZDVQRW UHDFKHGGXH WR WKH
PL[HGPRGHRIIDLOXUHVHH)LJE
)RUEHWWHUFRPSDULVRQWKHWKUHHW\SLFDOVWUHVVVWUDLQFXUYHVEULWWOHVHPLGXFWLOHDQGGXFWLOH
RI65*FRQILQHGFRQFUHWHDUHLOOXVWUDWHGLQ)LJXVLQJWKHȡ.OLPLWVGLVFXVVHGDERYH
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)LJXUH7\SLFDOVWUHVVVWUDLQUHVSRQVHVIRU65*FRQILQHGFRQFUHWHF\OLQGHUV


65*FRQILQHGFRQFUHWHFRPSUHVVLYHVWUHQJWKDQGD[LDOVWUDLQ
7KH HIIHFW RI 65* MDFNHWLQJ RQ WKH FRPSUHVVLYH VWUHQJWK DQG XOWLPDWH VWUDLQ RI FRQILQHG
FRQFUHWH VSHFLPHQV LV HYDOXDWHG E\ HVWLPDWLQJ WKH UDWLRV IFFIFR DQG İFFXİFR UHVSHFWLYHO\ DV
SUHVHQWHGLQ7DEOH7KHYDULDWLRQLQWKHDGRSWHG65*MDFNHWLQJVFKHPHVLHGHQVLW\RIWKH
IDEULFQXPEHURIOD\HUVPRGXOXVRIHODVWLFLW\DQGWKHFRQFUHWHJUDGHLVUHIOHFWHGWKURXJKWKH
YDOXHVUHFHLYHGE\WKHGLPHQVLRQOHVVPHFKDQLFDOUHLQIRUFHPHQWUDWLR 65*U IFFIFRDQGİFFXİFR
DUHSORWWHGDJDLQVW 65*U IRUDOOWKHWHVWVSHFLPHQVLQ)LJVDE7KHKLJKHUYDOXHVRI 65*U
FRUUHVSRQG WR WKHFDVHVZLWKGHQVHU VWHHO IDEULFVPRUH WKDQRQH OD\HURI MDFNHWVDQG ORZHU
FRQFUHWHJUDGH$VREVHUYHGLQ)LJVDDQGEWKHIFFIFRDQGİFFXİFRUDWLRVLQFUHDVHDV65*
FRQILQHGFRQFUHWHLQFUHDVHVIRUWKH65*FRQILQHGVSHFLPHQVWKDWIDLOHGGXHWRWKHUXSWXUHRI
VWHHOIDEULFRUH[KLELWHGDPL[HGPRGHRIIDLOXUH7KLVWUHQGLVQRWREVHUYHGIRUWKHVSHFLPHQV
WKDWIDLOHGGXHWRGHERQGLQJHVSHFLDOO\IRUWKHKLJKHU 65*U YDOXHV
8QFRQILQHG
FRQFUHWH
7\SH,,VHPLGXFWLOH
0HGLXPVWLIIQHVVFRQILQHPHQW
ȡ.
7\SH,,,GXFWLOH
+LJK VWLIIQHVV FRQILQHPHQW
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)LJXUH D6WUHQJWKFRQILQHPHQWUDWLRIFFIFRDQGEVWUDLQUDWLRİFFXİFRYHUVXV WKHGLPHQVLRQOHVV
PHFKDQLFDOUHLQIRUFHPHQWUDWLR SRGU IRUVSHFLPHQVRIWKHGDWDEDVH

)RUWKRVHVSHFLPHQVWKDWIDLOHGGXHWRWKHUXSWXUHRIVWHHOIDEULFDGHWDLOHGUHSUHVHQWDWLRQ
RIWKHYDULDWLRQRIIFFIFRDQGİFFXİFRZLWK65*FRQILQHGFRQFUHWHLVSORWWHGLQ)LJVDDQG
EUHVSHFWLYHO\7KHFRPSDULVRQPDGHEHWZHHQVSHFLPHQVKDYLQJWKHVDPH65*MDFNHWLH
GHQVLW\W\SHRIIDEULFDQGQXPEHURIOD\HUVVHHOHJHQGRI)LJLQGLFDWHVWKDWLQJHQHUDOWKH
HIIHFWLYHQHVV RI 65* MDFNHW LQFUHDVHV DV WKH XQFRQILQHG FRQFUHWH VWUHQJWK GHFUHDVHV 7KLV
FRQFOXVLRQLVLQDFFRUGDQFHZLWKWKHREVHUYDWLRQVPDGHIRU)53DQG750MDFNHWLQJV\VWHPV
HJ>@
)RUWKRVHVSHFLPHQVWKDWUXSWXUHRIWKHVWHHOIDEULFZDVWKHGRPLQDQWPRGHRIIDLOXUHRQH
OD\HUHG65*MDFNHWVFRXOGLQFUHDVHWKHDYHUDJHVWUHQJWKFDSDFLW\RIWKHXQFRQILQHGFRQFUHWH
E\DQGIRUDQGFRUGVFPVWHHOIDEULFVUHVSHFWLYHO\%\DGGLQJWKH
VHFRQGOD\HURI65*MDFNHWVWKHVHQXPEHUVZHUHLQFUHDVHGWRDQGIRUDQG
FRUGVFPVWHHOIDEULFVUHVSHFWLYHO\,QWKHFDVHRIRQHOD\HUHG65*MDFNHWVZLWKIDEULFGHQVLW\
RI  FRUGVFP ZKHUH GHERQGLQJ ZDV REVHUYHG WKH DYHUDJH VWUHQJWK FDSDFLW\ RI WKH
XQFRQILQHG VSHFLPHQV ZDV LQFUHDVHG E\  $GGLQJ WKH VHFRQG OD\HU RI 65* MDFNHWV
LQFUHDVHGIXUWKHUWKHVWUHQJWKFDSDFLW\RIWKHXQFRQILQHGVSHFLPHQVE\DQGFKDQJHGWKH
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GRPLQDQW IDLOXUH PRGH WR WKH PL[HG PRGH RI IDLOXUH 6LPLODUO\ RQHOD\HUHG 65* MDFNHWV
LPSURYHGWKHXOWLPDWHVWUDLQRIWKHXQFRQILQHGVSHFLPHQVE\DQGIRU
DQGFRUGVFPVWHHOIDEULFVUHVSHFWLYHO\8VLQJWZROD\HUHG65*MDFNHWVLQFUHDVHGWKH
XOWLPDWHVWUDLQRIWKHXQFRQILQHGVSHFLPHQVE\DQGIRUDQGFRUGVFPVWHHO
IDEULFV UHVSHFWLYHO\ )LQDOO\ WKH WZROD\HUHG  FRUGVFP MDFNHWV LPSURYHG WKH XOWLPDWH
VWUDLQRIWKHXQFRQILQHGVSHFLPHQVE\DQGOHGWRWKHPL[HGPRGHRIIDLOXUH
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
)LJXUH D6WUHQJWKFRQILQHPHQWUDWLR IFFIFRDQGEVWUDLQUDWLRİFFXİFRYHUVXV WKHGLPHQVLRQOHVV
PHFKDQLFDOUHLQIRUFHPHQWUDWLR SRGU IRUVSHFLPHQVRIWKHGDWDEDVHWKDWIDLOHGGXHWRUXSWXUHRIWKH
IDEULF

7KHGDWDIURPWKHGHYHORSHGH[SHULPHQWDOGDWDEDVHLQGLFDWHVWKDWWKHW\SHRIPRUWDUGLGQRW
FRQVLGHUDEO\LQIOXHQFHWKHVWUHQJWKDQGGHIRUPDWLRQFDSDFLW\RIWKHVSHFLPHQVZKHQWKHIDLOXUH
PRGHZDVGXH WR WKHUXSWXUHRIVWHHOIDEULF+RZHYHU WKH LPSURYHPHQW LQ WKHFRPSUHVVLYH
VWUHQJWKDQGWKHXOWLPDWHVWUDLQRIXQFRQILQHGFRQFUHWHLVVOLJKWO\KLJKHUZKHQDPRUWDUZLWK
KLJKHUIOH[XUDOVWUHQJWKLVXWLOL]HG
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IFR 03DFRUGFP
IFR 03DFRUGFP
IFR 03DFRUGFP
IFR 03DFRUGFP
IFR  03DFRUGFP
IFR  03D FRUGVFP
IFR  03D FRUGVFP
IFR  03D FRUGVFP
IFR  03DFRUGFP OD\HU
IFR 03DFRUGFP
IFR 03DFRUGFP
IFR 03DFRUGFP


 ([LVWLQJFRQILQHPHQWPRGHOV
&RPSUHVVLYHVWUHQJWKDQGXOWLPDWHVWUDLQ
7KHSDVVLYHFRQILQHPHQWHLWKHUSURYLGHGE\PRUHWUDGLWLRQDOHJVWHHORULQQRYDWLYHPDWHULDOV
HJFRPSRVLWHPDWHULDOVFDQPRGLI\VXEVWDQWLDOO\WKHPHFKDQLFDOFKDUDFWHULVWLFVRIFRQFUHWH
,QWKHSDVWWZRGHFDGHVDZLGHUDQJHRIFRQILQHPHQWPRGHOVKDYHEHHQSURSRVHGWKHPDMRULW\
RIZKLFKUHODWHWKHFRQILQHGVWUHQJWKIFFDQGXOWLPDWHVWUDLQİFFXWRWKHODWHUDOFRQILQLQJVWUHVV
ıODWXVLQJWKHIROORZLQJJHQHUDOHTXDWLRQV>@

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

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ccu lat
co co cof
JGH VOPH H 
ZKHUHIFRLVWKHFRPSUHVVLYHVWUHQJWKRIWKHXQFRQILQHGFRQFUHWHDQGıODWLVWKHODWHUDOFRQILQLQJ
SUHVVXUH H[HUWHG E\ WKH MDFNHWLQJ V\VWHP DSSOLHG Į ȕ Ȗ į ț Ȝ DUH HPSLULFDO FRQVWDQW
SDUDPHWHUVDQGȝLVWKHQRUPDOL]HGXOWLPDWHVWUDLQRIXQFRQILQHGFRQFUHWH
,Q WKLV VWXG\ HLJKW H[LVWLQJ PRGHOV IRU SUHGLFWLQJ WKH FRPSUHVVLYH VWUHQJWK RI FRQILQHG
FRQFUHWHZHUHVHOHFWHGIURPOLWHUDWXUHVHH7DEOH7KHILUVWWKUHHPRGHOVLQ7DEOHDUHFRGH
EDVHGPRGHOVJHQHUDOO\XVHGIRU)53FRQFUHWHFRQILQHPHQW7KHPRGHOSURSRVHGE\WKH,WDOLDQ
JXLGHOLQHV>@FRQVLGHUVDQRQOLQHDUUHODWLRQVKLSEHWZHHQWKHFRQILQHPHQWSUHVVXUHDQGWKH
SODLQFRQFUHWHVWUHQJWK7KH$&,>@PRGHOLVRULJLQDOO\EDVHGRQWKHPRGHOSURSRVHGE\
/DPDQG7HQJ>@DQGLVDOVRDGRSWHGE\$&,5>@IRU)5&0FRQILQHPHQW7KH
75PRGHO>@LVEDVHGXSRQWKHZRUNRI7HQJHWDO>@ZKHUHWKHVWUHQJWKLQFUHDVHGXH
WRFRQILQHPHQWLVUHODWHGWRWKHQRQGLPHQVLRQDOVWLIIQHVVUDWLRȡțDQGWKHVWUDLQUDWLRȡİ7KH
UHVWRIWKHPRGHOVZHUHREWDLQHGIURPUHJUHVVLRQDQDO\VHVSHUIRUPHGRQWKHUHVXOWVRID[LDO
FRPSUHVVLRQWHVWVRQFRQFUHWHVSHFLPHQVFRQILQHGXVLQJGLIIHUHQW)5&0MDFNHWLQJV\VWHPV
7ULDQWDILOORXHWDO>@DQG2PEUHV>@FRQILQHPHQWPRGHOVZHUHSURSRVHGIRU750DQG


3%2FRQILQHGFRQFUHWHUHVSHFWLYHO\7KHUPRXHWDO>@PRGHOZDVGHYHORSHGEDVHGRQWKH
UHVXOWV RI 65*FRQILQHG FRQFUHWH VSHFLPHQV ZKLOH WKH PRGHO VXJJHVWHG E\ 1DSROL DQG
5HDOIRQ]R>@ZDVUHODWHGWRWKHVWHHOUHLQIRUFHGSRO\PHU653MDFNHWLQJV\VWHP7KHODVW
PRGHO ZDV UHFHQWO\ SURSRVHG E\ 2PEUHV DQG 0D]]XFD >@ IRU )5&0FRQILQHG FRQFUHWH
ZKLFKLQFOXGHV750FDUERQJODVVEDVDOWIDEULFV3%2DQG65*V\VWHPV
7DEOH&RQILQHPHQWPRGHOVIRUFRQFUHWHF\OLQGHUV
&RQILQHPHQWPRGHOV ([SUHVVLRQVIRUIFFIFRDQGİFFXİFR
&15'7>@     0.67cc co lat cof f 1 2.6 fV     0.5ccu co lat co1.75 0.75 fH H V 
$&,0RGHO>@   cc co lat cof f 1 3.1 fV    0.45ccu co lat co s,rupt co1.5 12 fH H V H H  
75>@      tcc co K Kf f 1 5.25 0.01 ; if 0.01HU U U  cc co Kf f 1; if 0.01U     0.8 1.45ccu co K1.75 6.5 HH H U U 
7ULDQWDILOORXHWDO>@  cc co lat cof f 1 1.9 fV       ccu co co lat co1 0.047 fH H H V   
2PEUHV>@
cc co lat cof f 1 5.268 fV       0.25ccu co co lat co0.041 f 1.02H H H V   
7KHUPRXHWDO>@ cc co lat cof f 1 3.7 fV        ccu co co lat co1 0.027 fH H H V 
1DSROL	5HDOIRQ]R>@  cc co lat cof f 1 4.21 fV    0.64ccu co lat co1.75 22.97 fH H V  
2PEUHV	0D]]XFD>@  0.5cc co lat cof f 1 0.913 fV      0.5ccu co lat co s,rupt co1 0.963 fH H V H H  

7KHFRQILQHPHQWPRGHOVOLVWHGLQ7DEOHZHUHXWLOL]HGWRHVWLPDWHWKHFRQILQHGVWUHQJWK
DQGXOWLPDWHVWUDLQRIWKHVSHFLPHQVWKDWIDLOHGGXHWRWKHUXSWXUHRIVWHHOIDEULF7DEOH7KH
GLDJUDPV LQ )LJV   LOOXVWUDWH KRZ WKH SUHGLFWHG YDOXHV RI IFFIFRDQDO DQG İFFXİFRDQDO DUH
FRPSDUHGWRWKHH[SHULPHQWDOYDOXHVRIIFFIFRH[SDQGİFFXİFRH[S)RUWKHVSHFLPHQVWKDWDUH
FORVHWRWKHROLQHDUOLQHWKHVHOHFWHGFRQILQHPHQWPRGHOSURYLGHVDQDFFXUDWHSUHGLFWLRQRI
WKHFRQILQHGVWUHQJWK,IWKHSUHGLFWHGYDOXHVOLHDERYHRUEHORZWKHROLQHKRZHYHULWPHDQV
WKDW WKH VHOHFWHG FRQILQHPHQW PRGHO KDV OHG WR XQGHUHVWLPDWHG RU RYHUHVWLPDWHG UHVXOWV
UHVSHFWLYHO\$FFRUGLQJWR)LJLQJHQHUDOWKHVWUHQJWKSUHGLFWLRQPRGHOVH[DPLQHGLQWKLV
VWXG\XQGHUHVWLPDWHWKH65*FRQILQHGFRQFUHWHVWUHQJWK7KLVLVDOVRWKHFDVHIRUWKHPDMRULW\
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